ICS 49.020
vV 04

7| I T v N 1 o | A 7 = P I R

T/ SZUAVIA 003-20XX

ZeE L ARG AN T E

Evaluation methods for unmanned aircraft systems with multi-rotors

CLAEA TR

2019. 04. 23

XXXX = XX = XX &%5 XXXX = XX = XX =L}

AR T AWITI = % fn



T/SZUAV 003—20XX

—_r

A

]l

A4y 1R GB/T 1. 1-2009 25 H R FR ML 2

Ao BRI AT 252 R

AR R AL TS B TS . IR B AT 2.
AER Ay E BTN ;

A4 T 20XX 4 XX H B IR KA



T/SZUAV 003—20XX

ZRREX AN ARG A TN A

1 SEE

AFRERE T 2 i I AHLRGE I AT EEVE RS AE S, HUE 1 2 i 38 J0 AHLAR S8 0 T SEVEVEA (A1
RATEME X flpE RITT 5 W sRfE . SRsE . BURREMPPIRFR5E
AFrAEIE T 2 e B I AHLR G T SEPEEAN

2 MEMsIAxH

AR F A S R AN AT A (o N H R 51 SO, AT B IR AR IE A A3
o NRANEH IR SIS, HEaeA (B3SRBS E@i FA .

3 RNIBMENX
THIARERE SOE T A
3.1
ZHEE T AN EAES unmanned aircraft system with multi-rotors
A=A EAL B R AT A fh e, BdlaE, TR 11T SRR T A s R .
3.2 M Reliability
LRI NNLRGAERE ZAE R I 8] P 52 B0 A Zh B ) g
3.3
#IfE Fault

Z BT ARG WA BEAAT FLE T BERTIRES o TS 1 4848 B oAt v-J 1R 35 3h Bl ok = A1 5 Y
IO T BRI

3.4
JEXEEHEIBE Non-relevant fault
RIGHE ST A7fit . B 51 m.
3.5
K EE#IFE Relevant Fault

AR IRIR P2 A i B 1) D SR IR



T/SZUAV 003—20XX

3.6
AT MIE Reliability Evaluation

XTefE W TRS. TiRgHon. Wk, REEN TERAAR . MR Aot R mRcR, #iT 0
B BEEAIIAE FLAT & AT FE R AE R T R

3.7

1R 8] T {ERT1E] mean operating time between failures, MTBF

40 A ) AR B ) F 5027 S 2
3.8

1 B R ERERT T /ERTE] Mean time to first failures, MTTTF

203k B W LA (R T AL i 2 N RT RS B 28 1 I3 i A P R A 1)
3.9

RIGAHNIE lab test

WIS AN T8E . fbl AR Iiiilag, ARAMAR ORI P37 %5 el SR .
3.10

HMAIRIFIRIE field tracking test

e MU b A8 FH 7 SR B FH PRS0 b BR R 4 1t B o

4 Y BIRRITHE

Z BT AN R G AT FEMEPEAN B B br g W AR Tk 2 i BT AL R Gi ) R 4 TAE /vl 5%
(MTBE) 7K.

5 ¥t

5.1 hAEREN

A SR 4T
a) RGO H N AR A A= T8 B it i2E AT il
b) HERER I BEHLAIFE R T2, BI%GB/T 2828 2R IEAT HIF

5.2 M=
HAERCERLF AR IHUE .



T/SZUAV 003—20XX

xOHERE

85 3K Eili RS
487 e =3f
b3 R ER 6 =4 P EHI5%E30 5

6 WEHR

6.1 %

ARG 2 R

a) AT GREIZIT R B AN Sh 37 BR A G 5

b) AR AU TGO 70 e AR KA E B R s . AR RS P ARG FEAL I B e Dl
A B B AN B B R A R

6.2 EX

FIEEPERSS T S AL LR B3R

a) WA BITE AN SR AR S, HAl ™ dh T IE FR S 1 B A7 ER B ik e 5
b) HERER A E R KT R 5

) WRANREIIRE:, G FEHL R AR IR (8] NAN A T 1015 7 b SERUI 8] 5

d) R MBI R R, B G RN L R BV OGS I 8] LA F-20 £5 BTN 18] o

7 REFMH

7.1 e

THURGE I A2 A R

a) I HTHAT 7 R BRI T AN UFENLEEAT IS8 (RDTIURSD

b) T AR NG BORENLR AT S 45t 5

c) BRIGHT T i BTN T AWURENLREAT 4E47 . ACBE, (HASNBEAT AR 5T 577 1 A A B

7.2 RIAIA R &

[ rRZAnN S S LS I
a)  NARHETC NALAF i ol 300 48 A 5 S5 5 Sl A 55 Bl T A A5 79 1
b)  FTAREAE 555 T 45 B ] — B — REIRE R, DUE 5037 16 s BDUE 55 0 15
c) ARBFAFENLAZ T AHL AL F T A7
d) XI55 #5) TH FAO R P AN S5 F T (VRS UL PR S 17 RIS Jtin - LA 7E 70 28 R AR Gl s
e) UIRATINEE I iEEAT 08, R 2 T B EK
1) I Ty 328 BA B A s Ak
2) JINIETTEANNL A A A B AL EE
3) NI RE N IR AR

7.3 FUARERAL S
B ER BRI AU T -



T/SZUAV 003—20XX

a) —RCEAETC AN AR B 7] 5 BEAT AT SEE A7 BRIER RIS o 20 75 BRUER S ST 652 A0 1 A58 FH 39
ks, AT AL BN AR AT PSR AP 7 PR R 1

b) AN TOUNAT & it BN s AE A T (U D IIAHSGER

c) EFENELHIREHLSLR 7T RE B A AL oL s AF

8 HIEFIE

8.1

8.2

8.2.

8.2.

R HYF E R

WAL ) 5 TR U R
a) WA T Dhfe R 3 2 stk ReAa A [F IR 1 AE AR,  FUeAT R B R —ANEE SRR, )
TE R A=A T — A i
b) U0 — Wi REE R B RR bR e PR, LR A N B 2 O R R R S 1k, T
BN ST R R A5 ) AN
) WNHAE [F] AL 22 U H B0 A R [ 1 TR o e, 0y IR A T — AN
d) WA, B E AN R R 5] R B R R AR R, SR TR (R BE AN KT LA 72 S S B ]
M) R R =i T — AN
HIBE T
1 HEUREN
THEUFE TR -
a) TETFE AN EEEFRARIT, Rt S
b) AFFEHUERR AT RUEAT 4R AR SR, I R oRBR T3
c) FEHURTI . BREe ik RalEe 2 b IR I ORI, v N
2 iR
ANTHEUE G
a) TETFE AN SEEFRARIT, AESCBRBEAN T EE AR IE SR . FE SRR 3% DL R 7710 -
1) A AN 5] )R
2) R
3) R,
4) HERBEA 5] E R
5) ke e B g | ) e 5
6) REG AR I BT R E T I S R
7) BR1D ~6) 4b, HABANFR R I Il .
b) TR R AT T P LA E A, A
D) $fEHFN GBI e 1Y Z) 4 () 58 e sl iR
2) BRI RIS .
o) TERE A% AU G LA PR AS T4

9 HIEXRE
9.1 RIEIAHKIE
RIS U R



9.2

10

10.1

T/SZUAV 003—20XX

a) IR RE W A AN LARTE O, T2 MM AR ZREAT LR, DNV HER, AR
AT ISR N ) 28 B AT ER H 35 A 5

b) FES AR T — R R, A6 DR SRR P e T U R M ) S RIS R AT R
HIHFWPREICRR" (S WIHFEB) F“ifmairid” (SR

c)  nZeRer A E W L B A A PR 1K) 2 B AN E ARG A, WHZ A TN S B (R
RGBTSR,

AR ERIA I

Hh I BREREE AN T -

a) JCANLATEEE AN ER RS O HE R AR RO 2B /D AE A AL

b) IR PRIy AL PR AT ANUISAT 1B DL, IS IR AR R 1 3R o 1D R M AET,
JUA RIS N IER N2 5 ATl 3

¢) HIF AT BRI, N O E SO 3L e i SR U 4855 FH P AT 551

d) ARETTRE B P B 7 ARRER DL, IR B R DL, (R R E I S SR AT
3 BEAT RSO A7 B RAF

e) — BRI, BRIG 5 B P AR R R SR L BRI, 37 R AT 1D 5%, IS
PRICRR” (S IHRB) F#fm ik s (IR0

£) e A E R H Ik B I R AR B AN B A, WHZ AR A TR NS, (H R
AT BARIE R

g) A RBIPIRIAR AR DS, B i bk, N A R TE A B b b s .

A ST e

) E R E SR T AERT (8]

10. 1.1 g2l it

P28 B R T AR TR Rl T WA (D) .

e )

m = E(T) = |, tf(t)dt (D

A
m——"5 VB T AR I TR A TR

D —— 5 IR A T A1 i ) R 2 25 R

10. 1. 2(8 8757

FENLECR DS, P U AT AR (R A 5 AR (2) -

A
Ty —— B IR AT AR R[]



T/SZUAV 003—20XX

Ti— TR A% Jim 1 s i AR [a] 5
n——FEH4E1E IR B
10.2 FiEaREE) T {ERTE)

10. 2. 1 ;afhit
Py ) AR 1) i S A T A (3)

TN o TN b
Zi=ali _ Zimti

Ml = o = S 3)

- TN
¥ L’|:=III-

v iR
N—HEHLE L
FENLA A Wi 4

t—— I A S 1 G AN R TARRS (8], B8/ Ch)

I

r—— VPO R AR 1 B JE WL SRAR R A
AR FE R IR 1], T AL A IR, 0128t e ) AR B ] ) sl it LA 5K (4D

A
T— € I R IR A AR LSRG (8], AN Ch)

10. 2. 2[X )& 3t
S 2y ) AR I (] A X R A T A (B) « Al (6) -

A
my ——F- 88 e 1) AR I ] B B0 A R R

my ——F LAyl ) AR a] Y 0 A ERR
Cp—— € N P2 b [a) AR Rl EAE TR R % (LR2)

Cy——E M AR T dkbs A TARM R I EAS IR A (R .



T/SZUAV 003—20XX

=2 TENEEITE MTBF BRI (EBM) HNEEFERHC, « O

B E K M
. 40% XU 60% L] 80% 31 il 90% X fl
AR o 70% 70% 80% 80% 90% 90% 95% 95%
A0 T PR R BT T BR L B BT B SR (1] B 7 FLA T B BTk PR
1 0410 2.804 0.334 4481 0.257 9.491 0211 19.417
2 0.553 1.803 0.467 2.426 0.376 3.761 0317 5.658
3 0.630 1.568 0.544 1.955 0.449 2722 0.387 3.650
4 0.679 1447 0.595 1.742 0.500 2293 0.437 2.930
0.714 1376 0.632 1.618 0.539 2.055 0.476 2534
6 0.740 1328 0.661 1537 0.570 1.904 0.507 2294
7 0.760 1.294 0.684 1.479 0.595 1.797 0.534 2132
8 0.777 1267 0.703 1.435 0.616 1.718 0.556 2.008
9 0.790 1247 0.719 1.400 0.634 1.657 0.573 1.916
10 0.802 1.230 0.733 1372 0.649 1.607 0.590 1.842
11 0.812 1215 0.744 1.349 0.663 1.567 0.603 1.783
12 0.821 1203 0.755 1329 0.675 1533 0.615 1.733
13 0.828 1.193 0.764 1312 0.686 1.504 0.627 1.689
14 0.835 1.184 0.772 1.297 0.696 1.478 0.639 1.653
15 0.841 1.176 0.780 1.84 0.705 1456 0.649 1.623
16 0.847 1.169 0.787 1272 0.713 1437 0.659 1,597
17 0.852 1.163 0.793 1.262 0.720 1419 0.668 1.597
18 0.856 1.157 0.799 1.253 0.727 1.404 0.676 1.548
19 0.861 1.152 0.804 1.244 0.734 1390 0.683 1.528
20 0.864 1.147 0.809 1237 0.740 1377 0.689 1.508
30 0.891 1.115 0.844 1.185 0.783 1291 0.737 1.389




T/SZUAV 003—20XX

FisR A
(BTRMEFISR)
AIREMREETIER
F A1 AEEMRIEITIL SRR
77 i 44 T P g
I HH 2 H )
Y (] £ A B wW=xE £ A 0 W
s - ARG IBATIN ] BB AU | R | B MO

T g

Ii]

Ii]

I




T/SZUAV 003—20XX

B3k B
(BTRMEFISR)
AT RMREETIER
B 1 AJEEE RIS R IL R K
e i
APETR HITHM
58 B[R] £ A H =® £ O B W

TR 7MRITE 30

TR
Fra H 51 ﬁra ! wesntE | Mg e KRS A




T/SZUAV 003—20XX

Mis% C
(FERMEHMIR)
WEShRER
2 C. 1M R
7= i 4 B P H g
HERETT R T H 2 3
R IR e ] ZF AR A VAR
L%
S

Ak B it

10




	前  言
	多旋翼无人机系统可靠性评价方法
	1　 范围
	2　 规范性引用文件
	3　 术语和定义
	3.1
	多旋翼无人机系统 unmanned aircraft system with multi-rotors
	3.2　 可靠性 Reliability
	3.3
	故障 Fault
	3.4
	非关联故障 Non-relevant fault
	3.5
	关联故障 Relevant Fault


	3.6
	可靠性评价 Reliability Evaluation
	3.7
	平均故障间工作时间 mean operating time between failures，MTBF
	3.8
	平均首次故障前工作时间Mean time to first failures， MTTTF
	3.9
	试验场试验 lab test
	3.10
	外场跟踪试验 field tracking test
	4　 评价目标的确定
	5　 抽样
	5.1　 抽样原则
	5.2　 抽样数量

	6　 试验方案
	6.1　 分类
	6.2　 要求

	7　 试验条件
	7.1　 预检
	7.2　 试验场试验条件
	7.3　 现场跟踪试验条件

	8　 故障判定
	8.1　 故障的判定原则
	8.2　 故障计数

	9　 数据采集
	9.1　 试验场试验

	9.2　 现场跟踪试验
	10　 可靠性评价指标
	10.1　 平均首次故障前工作时间

	10.2　 平均故障间工作时间
	附录A （资料性附录） 可靠性试验运行记录
	附录B （资料性附录） 可靠性试验运行记录
	附录C （资料性附录） 故障分析报告表

